A novel aerobic, yellow-pigmented, Gram-stain-negative, rod-shaped bacterial strain, CUG00004
A novel aerobic, yellow-pigmented, Gram-stain-negative, rod-shaped bacterial strain, CUG00004
T , was isolated from a soil sample. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain CUG00004 T was a member of the genus Flavobacterium and showed high sequence similarity with Flavobacterium soli DSM 19725 T (96.9 %) and Flavobacterium glaciei CGMCC 0499 T (95.6 %). The level of DNA-DNA relatedness between strain CUG00004 T and F. soli DSM 19725 T and F. glaciei CGMCC 1.5380 T was 42.5 and 43.4 %, respectively. Strain CUG00004 T was moderately alkaliphilic and grew optimally at pH 8.0, at 28 C and in the presence of 0-1 % (w/v) NaCl. This organism contained menaquinone-6 (MK-6) as the only isoprenoid quinone and iso-C 15 : 0 , iso-C 17 : 0 3-OH, anteiso-C 15 : 0 and summed feature 9 (comprising iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl) as the major fatty acids. The DNA G+C content of strain CUG00004 T was 36.3 mol%. On the basis of phylogenetic, physiological and chemotaxonomic analyses, strain CUG00004 T represents a novel species, for which the name The genus Flavobacterium, which belongs to the family Flavobacteriaceae, phylum Bacteroidetes, was first proposed by Bergey et al. (1923) and the description has been subsequently emended several times (Bernardet et al., 1996; Dong et al., 2013a; Kang et al., 2013) . Strains within the genus Flavobacterium are Gram-stain-negative, non-sporeforming, strictly aerobic and form orange-or yellowpigmented colonies on plates (Bernardet et al., 1996) . Usually, Flavobacterium strains possess menaquinone-6 (MK-6) as the major respiratory quinone and iso-C 15 : 0 as the main fatty acid and have DNA G+C contents of 30-52 mol% (Ao et al., 2014; Dong et al., 2013b; Li et al., 2014) . The major polar lipid is phosphatidylethanolamine (PE) (Bernardet et al., 1996) . Strains of the genus Flavobacterium are widely distributed in diverse environments such as freshwater, seawater, soil, plants, wastewater, high-arsenic sediment and glaciers (Ao et al., 2014; Fujii et al., 2014; Kang et al., 2013; Lee et al., 2010; Yoon et al., 2006; Zhu et al., 2013) . At the time of writing, the genus Flavobacterium contains 150 species with validly published names (http://www.bacterio.net/-taxonomy.html).
Kekexili Nature Reserve, located in Qinghai Province of north-western China, is one of the largest and highest wetlands with the most abundant wildlife in China. During an investigation of the microbial diversity in soil from the Reserve, a new Flavobacterium-like bacterial strain, CUG00004
T , was isolated. Approximately 0.5 g of soil was inoculated into 100 ml of R2A agar medium (Reasoner & Geldreich, 1985) followed by incubation for 1 week in the dark at 20 C. The enrichment was spread on R2A agar plates and incubated for 4 days. Colonies were selected and repeatedly restreaked on R2A agar medium Colonies were resuspended in 50 µl of sterile water and boiled for 20 min at 99 C to get crude genomic DNA lysates (Kim et al., 2008) . The 16S rRNA gene was PCR-amplified by using the universal primer pair 27F (5¢-AGAGTTTGA TCMTGGCTCAG-3¢)/1492R (5¢-CGGTTACCTTGTTAC-GACTT-3¢) (Fredrickson et al., 2008) . PCRs were performed as follows: 5 min at 95 C, 34 cycles of 30 s at 95 C, 30 s at 55 C and 1.5 min at 72 C, followed by a final extension for 15 min at 72 C. The PCR product was purified using the Agarose Gel DNA purification Kit (TaKaRa) according to the manufacturer's instructions. The amplified 16S rRNA gene fragment was cloned into the pGEM-T Easy vector (Promega) and the resulting recombinant plasmids were cloned into the competent cells (Li et al., 2007) . Ten clones were selected for sequencing. The 16S rRNA gene sequence was determined at Beijing Tsingke Biological Technology and compared with sequences by using the BLAST program of NCBI (http://blast.ncbi.nlm.nih.gov/ Blast.cgi) and the EzTaxon server (http://www.ezbiocloud. net/). Neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) phylogenies were reconstructed using the MEGA version 5.0 software package (Tamura et al., 2011) . The topology of the phylogenetic trees was evaluated by bootstrap analysis with 1000 replicates.
The 16S rRNA gene phylogenetic analysis indicated that strain CUG00004 T belonged to the genus Flavobacterium. The topologies of the maximum-likelihood and neighbour-joining trees were essentially the same as that of the maximum-parsimony tree (the ML and NJ trees were not shown). Strain CUG00004
T formed a coherent cluster with F. soli DSM 19725 T (sequence similarity: 96.9 %) ( Fig. 1 ) and showed high sequence similarity with F. glaciei CGMCC 1.5380 T (95.6 %), suggesting that strain CUG00004
T represents a novel species belonging to the genus Flavobacterium.
Gram staining was performed according to the method described by Dussault (1955) . Spore formation and gliding motility were examined by using phase-contrast microscopy (DM 2000; Leica) after cultivation in LB broth for 2 days at 25 C (Bernardet et al., 2002; Jiang et al., 2007) . The strain was examined each day for 4 days to determine whether spores were produced. The morphology of a single colony and the detection of bacterial flagellum were performed by using transmission electron microscopy (JEM-2100; JEOL) with cells grown on LB agar for 2 days at 25 C. Anaerobic growth was assessed on LB agar under anaerobic (with 4-10 % CO 2 ) conditions using the GasPak Plus system (BBL) at 25 C for 10 days. The analysis of pigment was performed according to Reichenbach (1989) and Liu et al. (2015) .
Growth at different temperatures (4, 10, 15, 20, 25, 28, 30, 37, 45 C) was tested on LB medium. To investigate tolerance to NaCl, LB medium was supplemented with 0-10 % (w/v) NaCl in 1 % increments. The cultures were incubated for 2 weeks at 20 C. The pH range for growth was examined by growing cells in LB broth, which was adjusted to different pH values (pH 4-12 at intervals of 1 pH unit) at the optimal NaCl concentration and the optimal temperature, using the buffer system described by Xu et al. (2005) . Growth was also tested on various media such as tryptic soy agar (TSA), R2A agar, LB agar and MacConkey agar. Catalase activity was determined by the production of bubbles after adding a drop of 3 % (v/v) H 2 O 2 (Sinopharm Chemical Reagent). Oxidase activity was determined by using oxidase testing paper (Hope). The three strains were tested at the same time. Hydrolysis of starch, gelatin and Tween 80 was examined as previously described (Barrow & Feltham, 1993; Neter, 1965) . Indole production and hydrolysis of urea were investigated according to Smibert & Krieg (1994) . Acid production from glucose and sucrose were determined according to the method described by Tsubokura et al. (1999) . DNase activity was investigated by using DNase test agar (Qingdao Hope Bio-Technology). Nitrate reduction was assessed as described by Lanyi (1987) . The API ZYM system (bioM erieux) was used to test for enzyme activity according to the manufacturer's instructions. Carbon and nitrogen source utilization tests were performed by using the GN MicroPlate system (Biolog) according to the manufacturer's instruction. Antimicrobial susceptibility tests were performed on LB agar by using antibiotic discs (Hangzhou Microbial Raegent) according to the manufacturer's instructions. The presence or absence of an inhibition zone was examined after 7 days of growth. Inhibition of growth was confirmed by the presence of an inhibition zone. Phenotypic characteristics of strain CUG00004
T are given in Tables 1 and S1 (available in the online Supplementary Material) and in the species description. The optimum growth temperature of strain CUG00004
T was different from those of its closely related type strains, which were lower than 28 C. The oxidase activity of strain CUG00004 T was negative, and the activities of trypsin, a-galactosidase and a-glucosidase were positive, which were different from the reference strains. Biomass collected from cultivation on LB agar for 5 days at 25 C was used for menaquinone and polar lipid analyses. Menaquinones were extracted and separated by using published methods (Collins et al., 1977; Tamaoka et al., 1983) . The extracted solution was dissolved using methanol and separated by HPLC (Agilent 1100). The resulting supernatant was applied onto a column (Zorbax Eclipse XDB-C18 5 µm, 250Â4.6 mm i.d.) at 40 C with an eluent of 2 : 1 (v/v) methanol/isoamylol at a flow rate of 1 ml min
À1
. The menaquinones of strain CUG00004
T consisted of only one type of isoprenoid quinone, MK-6, which is in accordance with members of the family Flavobacteriaceae.
Polar lipids were identified by two-dimensional TLC (Collins & Jones, 1980; Minnikin et al., 1979) . Ninhydrin, bismuth subnitrate, potassium iodide, phosphomolybdic acid hydrate and 1-naphthol were employed for visualizing the lipids. The polar lipids of strain CUG00004
T consisted of PE, one unknown aminolipid and two unknown polar lipids (Fig. S1 ). Both strain CUG00004
T and the two reference strains possessed PE as the major polar lipid. Strain CUG00004 T had one unknown aminolipid, in contrast totwo unknown aminolipids for the two reference strains.
Fatty acid analysis was performed by using the Microbial Identification System (Agilent Technologies 7890B GC System; Sherlock Version 6.1; MIDI database: TSBA6) and biomass was obtained from cells grown on TSA (Difco) at 25 C for 4 days. Major fatty acids (>10 % of the total) of the novel isolate were iso-C 15 : 0 (14.3 %), anteiso-C 15 : 0 (11.0 %) and summed feature 9 (comprising iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl) (10.6 %) ( Table 2 ). Fatty acid analysis showed that strain CUG00004
T contained anteiso-C 15 : 1 A and anteiso-C 17 : 1 !9c, which were absent from F. soli DSM 19725
T and F. glaciei CGMCC 1.5380 T . DNA extraction was performed according to Yoon et al. (1996) . Quantitative microplate DNA-DNA hybridizations were performed at 30 C according to the fluorometric micro-well method (Ezaki et al., 1989) . Levels of DNA-DNA relatedness between strain CUG00004 T and F. soli DSM 19725
T and F. glaciei CGMCC 1.5380 T were 42.5 and 43.4 %, respectively (data not shown), which is lower than the species delineation value (70 %) (Stackebrandt & Goebel, 1994) . The DNA G+C content of strain CUG00004 T was determined by using HPLC (1260 infinity; Agilent Technologies) according to Mesbah et al. (1989) . The DNA G+C content of strain CUG00004
T was 36.3 mol%.
Based on the phylogenetic, chemotaxonomic and phenotypic data, strain CUG00004 T is considered to represent a novel species in the genus Flavobacterium, for which the name Flavobacterium terriphilum sp. nov. is proposed.
Description of Flavobacterium terriphilum sp. nov.
Flavobacterium terriphilum [ter.ri'phi.lum. L. gen. n. terra earth, soil, land; N.L. neut. adj. philum (from Gr. neut. adj. philon) friend, loving; N.L. neut. adj. terriphilum soilloving].
Cells are Gram-stain-negative, aerobic, rod-shaped, nonspore-forming, non-motile and non-flagellated (Fig. S2) , and colonies are smooth and yellow-pigmented. Flexirubin pigmentation is produced, but no carotenoid pigmentation or indole. Cells are 0.4-1 µm in width and 2-9 µm in length. Growth occurs at 4-30 C (optimum 28 C), at pH 7-9 Oxidase activity 
